Purpose Depression is a significant mental health concern. There are numerous depression questionnaires, several of which can be scored onto the Patient Reported Outcomes Measurement Information System (PROMIS Ò ) Depression metric. This study expands the unified metric by linking depression subscales from the Adult Self-Report (ASR) and the Brief Symptom Inventory (BSI) to it. Methods An online sample of 2009 men who have sex with men (MSM) was recruited. Item factor analysis was used to evaluate the dimensionality of the aggregated measures and confirm the statistical assumptions for linking. Then, linking was conducted using equipercentile and item response theory (IRT) methods. Equipercentile linking considered varying degrees of post-smoothing. IRTbased linking used fixed-anchor calibration and separate calibration with Stocking-Lord linking constants. Results All three scales were broadly unidimensional. This MSM sample had slightly higher average depression scores than the general population (mean = 54.4, SD = 9.6). Both linking methods provided robust, largely comparable results. Subgroup invariance held for age, race, and HIV status. Given the broad comparability across methods, the crosswalk between raw sum scores and the unified T-score metric used fixed-anchor IRT-based methods. Conclusions PROMIS provides a unified, interpretable metric for depression reporting. The results of this study allow the depression subscales from the ASR and BSI to be rescored onto the unified metric with reasonable caution. This will benefit epidemiological projects aggregating data across various measures or time points.
Introduction
Depression is one of the most common mental health concerns among adults. The 12-month prevalence for major depressive disorder (MDD) among adults is approximately 7%, with a lifetime prevalence rate of approximately 16% [1] . However, debate persists as how to best quantify depression. Clinicians and researchers are faced with a myriad of patient-reported outcome (PRO) measures, each with unique measurement properties. The lack of standardization, for depression and other physical and mental health-related outcomes, was an impetus for the National Institutes of Health Patient Reported Outcomes Measurement Information System (PROMIS Ò ) [2] . PRO-MIS measures were developed using thorough qualitative item review and modern statistical methods-namely item response theory (IRT)-which allows for an interchangeability of items, computerized adaptive testing (CAT), reduced test burden, and many other measurement benefits [2] [3] [4] .
PROMIS Depression [5] is a recommended level-2 cross-cutting symptom emerging measure in the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) [6] . However, multiple depression measures will persist across existing data, ongoing studies, and due to researcher preference. As such, it benefits the research and clinical community to be able to assess participants on different scales but have comparable scores. The metric is more important than the measures. Interest in a unified metric in depression has rapidly increased, especially as healthcare quality initiatives begin to address response and remission from depression. A unified metric ''links'' scores from different questionnaires onto the same scale. The scale chosen for PROMIS was the T-score (mean = 50, SD = 10) standardized to the 2000 USA general census in terms of gender, age, race, and education [7] . This allows comparisons to the general adult population and thus is a prime candidate for a unified depression metric.
Gibbons and colleagues [8] were one of the first groups to capitalize on the PROMIS metric for depression. They linked the Patient Health Questionnaire (PHQ-9) [9] to the PROMIS metric in a sample of 2178 HIV clinic participants (80% male) using fixed-anchor calibration. In a separate study [10] , the PHQ-9, Beck Depression Inventory-II (BDI-II) [11] , and the Center for Epidemiological Studies Depression Scale (CES-D) [12] were linked to the unified metric in a general population sample.
PROMIS Depression has a separate pediatric bank (aged 5-17 for parent-report and 8-17 for child self-report), which is not centered on the same sample as the adult bank. Using a relatively new linking method, Reeve and colleagues [13] linked several self-report pediatric PROMIS measures, including depression, to their adult counterparts.
Two other linking studies are noteworthy, both of which linked PROMIS depression to other measures on a common metric, but it was not the PROMIS metric. The first study was conducted with a mixed adolescent and young adult sample [14] . The researchers used the adult bank, regardless of age, and co-calibrated PROMIS, the original BDI [15] , and the CES-D [12] . The second study, and perhaps the largest linking study to date, was conducted by Wahl and colleagues [16] . Using a German clinical sample, they linked 14 scales from 11 measures to the same metric. Although neither of these studies used the PROMIS metric, their efforts support the goal of common score reporting.
The current study aimed to link the depression syndrome scale from the Adult Self-Report (ASR) [17] and the depression subscale from the Brief Symptom Inventory (BSI) [18] to the PROMIS Depression item bank. Unlike most of the previous linking studies, which have been conducted on existing data collected for other purposes, the current study prospectively collected data for the purpose of linking the ASR and BSI to PROMIS. The results of this linking study will benefit the RADAR study, which is a longitudinal cohort of young men who have sex with men (MSM) that aims to examine multilevel influences on HIV and substance use. RADAR was built in part by merging together multiple prior longitudinal studies of young MSM (Project Q2 and Crew 450), each of which utilized different measures of depression [19, 20] . In order to maximize all previously collected data on depression prior to enrollment in the RADAR cohort, it was necessary to link the depression subscale from the BSI (Project Q2, five prior years of longitudinal data) and the ASR (Crew 450, two prior years of longitudinal data) with the PROMIS Depression measure that is being utilized in the RADAR study. Doing so will allow us to examine development trajectories of depression over time with up to 10 years of longitudinal data, as well as analyze how depression cooccurs with and/or predicts risk of HIV infection and substance use.
Method Participants
We recruited participants via banner and pop-up advertisements placed on a geospatial smartphone application for men seeking men. The campaign served the dual purpose of recruiting participants for a randomized controlled trial (RCT; reported elsewhere) and to collect survey data from MSM that were ineligible for the RCT or all MSM once RCT recruitment targets were met.
Advertisements ran from November 2014 through February 2015 and described a university survey that provided an opportunity seeking input to better understand and serve the health needs of the lesbian, gay, bisexual, transgender, and queer (LGBTQ) community. Advertisements were shown throughout the USA, with pop-up ads shown up to five times-shown the first time a user logged onto the application within the scheduled 24-h advertising period. Banner advertisements ran continuously during the period. No incentives for participation were provided for completing the surveys, although depending on responses participants may have been routed to the RCT that provided compensation. This study was approved by the institutional review board.
Potential participants who clicked on advertisements were taken to an eligibility screener administered online. In total, 4783 individuals clicked the advertisements and 2932 (61.3%) consented and started the screener. Of those, 801 (27%) were ineligible for survey participation because of demographic characteristics (female or under 18 years of age), provisional eligibility for the RCT (all of the following: age 18-29 years, male sex assigned at birth and male gender identity, not in a serious monogamous relationship lasting more than 6 months, had sex with a male, had condomless anal sex in prior 6 months, and HIV negative or unknown status), or failure to complete the screener. Potential duplicates were identified based on matching on 10 demographic characteristics (e.g., age ±1 year and zip code). From that analysis, 53 possible duplicate pairs or triplets were identified for careful examination on additional variables (survey date and completion time, survey responses), resulting in 33 cases that were subsequently classified as duplicates and removed from analyses. The remaining 2098 participants were routed to various surveys. In total, 2009 men completed at least one of the study measures for the current analyses. This sample of MSM represented a wide age range and multiple demographic characteristics in order to maximize the applicability of the linking relationship and to ensure its robustness. The average age of participants was 35.3 years (SD = 11.6). More information on demographic characteristics is listed in Table 1 .
Measures
The depression syndrome scale on the ASR is composed of 14 items meant to reflect the diagnostic criteria for MDD [17] . Unlike the empirical scales on the ASR, the syndrome scales reflect diagnostic nosology rather than statistical fit. The ASR is appropriate for individuals aged 18 to 59. Items are rated on a 3-point Likert scale, where an individual rates how true the item is for them within the last 6 months. Higher scores indicate more severe depression symptoms. Previously the ASR depression scale, together with the full ASR, has been used among MSM to track mental health concerns [21] , though no studies of which we are aware have directly assessed its dimensionality among MSM or other sexual minorities.
The depression subscale on the BSI is composed of 6 items meant to screen for depression [18] . Most items relate to cognitive symptoms, though one item relates to self-harm. It is appropriate for individuals aged 13 years and older. Items are rated on a 5-point Likert scale. As with the ASR, higher scores are indicative of greater depression, but the recall period is one week. Both the depression subscale and the BSI global severity have previously been used in research among MSM, [22, 23] though as far as we are aware, no studies have directly assessed its dimensionality in this population.
For this study, an 8-item short form from the adult PROMIS Depression item bank was used. The full bank consists of 28 items rated on a 5-point Likert scale with a one-week recall period. The items can be administered via a CAT or as part of a short form. Items were developed using both qualitative and quantitative methods [2, 3, 5] . PROMIS Depression item content focuses on cognitive and emotional manifestations of depression over somatic symptoms such as changes in diet, energy, or sleep. Therefore, it does not capture the full range of DSM-defined diagnostic criteria for MDD [6] . Nonetheless, the exclusion of these items eliminates potential confounding effects in some patient populations (e.g., those with comorbid physical conditions) and provides greater support to the overall statistical model. This is one of the first studies to use the PROMIS Depression domain among MSM.
Although all three measures quantify depression, item content, response options, and recall period vary. These differences were not of vital importance for the RADAR study. Rather, the goal was to track depression as a generic mental health construct over time and to make comparisons across subgroups. Thus, consistent with previous linking studies, the raw sum score as opposed to the proprietary scoring methods was used to map the ASR and BSI scores onto the PROMIS metric.
Study design and linking methods
Linking can be accomplished using a variety of study designs and statistical approaches [24] . In this study, equipercentile and IRT-based linking approaches were compared, using a standard non-equivalent anchor test (NEAT) or a hybrid-NEAT design, respectively. The 8-item PROMIS short form was used for the calibrated anchor test, given that it well represents the full item bank and is already in widespread use [5] . This is fewer items than was used in previous linking studies (e.g., the CES-D was linked with the full item bank, the PHQ-9 had a 20-item anchor, and the BDI-II had a 15-item anchor) [10] . The hybrid-NEAT design is also referred to as common item equating [or linking] to a calibrated pool [24] . In these cases, a subset of items from an IRT-calibrated bank is used to link candidate items to that metric. The items may both compose a legitimate full test (i.e., a complete short form) and be a subset of a larger instrument (i.e., an anchor). The equipercentile approach matches percentile ranks on the score distributions to create a nonlinear relationship between the measures. This transformation tends to result in a jagged pattern that is sensitive to random sampling error, sample idiosyncrasies, and overall sample size. As such, smoothing the score distribution is recommended to improve the linking relationship [24] . For this study, the percentile ranks for the raw sum score on the ASR and BSI were matched to the scaled PROMIS T-score (i.e., direct raw-to-scale equipercentile linking).
IRT-based linking approaches maximize the calibrated parameters by either fixing the anchor parameters to their known values (fixed-anchor calibration), or by estimating all parameters and using linking coefficients computed using the anchor items to convert the parameters from all items back to the original metric (linked separate calibration; LSC). Both methods were considered for this study. For the LSC method, Stocking-Lord [25] linking coefficients were calculated, which minimize the differences in the test characteristic curves (TCC) for the anchor items. Consistent with the PROMIS Depression item bank, all items were fit to the graded response model [26] .
Linking assumptions and statistical analyses
There are five assumptions relevant to linking and equating studies: The scales should measure the same construct; they should have equal reliability; linking should be bidirectional or symmetrical; scoring results should not depend on the test given; and links should be population invariant [27] . Each of these assumptions was considered prior to final item calibration or to evaluate the linking relationship.
First is the same construct requirement. Several approaches were used to evaluate this including correlating the mean item scores on each scale, evaluating unidimensional factor models on the aggregated item set, and examining potential multidimensional aggregated item structures. Unidimensional IRT on the aggregated items is statistically equivalent to confirmatory factor analysis [28] . Unrestricted and restricted multidimensional bifactor models were also considered [29] . Bifactor modeling also allows the ability to identify and model locally dependent item subsets [30] . Unrestricted models were estimated using the Comprehensive Exploratory Factor Analysis (CEFA) program, using raw data to calculate the polychoric correlation matrix [31] . The extracted factor loadings were rotated to a biquartimin rotation using the GPArotation package in the R statistical environment [32, 33] . Restricted unidimensional and multidimensional models were fit using flexMIRT3 [34] , using the EM algorithm (with dimension reduction for bifactor models) [30] for estimation. Several fit statistics were used to compare models, including the root mean square error of approximation (RMSEA), the Tucker-Lewis Index (TLI), and Akaike information criterion (AIC). RMSEA values less than 0.05 are generally considered ''good'' and values greater than 0.10 are considered ''poor'' [35] . TLI values greater than 0.90 are considered acceptable [36] . These cutoffs, however, were developed within a factor analysis framework, and their utility within IRT is less clear [37] . AIC values are data specific and as such do not have set cutoffs; rather, the lower value is to be preferred. For seemingly multivariate items, the Item Explained Common Variance (I-ECV) statistic was calculated [38] . I-ECV values range from 0 to 1, with lower values suggesting a greater departure from the same construct requirement.
The second assumption is the equal reliability requirement. This assumption is often violated, primarily due to using an anchor across tests, and yet produces satisfactory linking relationships [27] . Test anchors are often shorter than the full test, as is the case in this study, where an 8-item short form is used instead of the full PROMIS Depression item bank. The short form is broadly comparable to the full bank [5] , but like most anchor-based linking studies, violates this assumption to a small extent. However, in an IRT framework, this assumption may also be less relevant, as the test information function adjusts for unequal reliabilities at an item level. Nonetheless, Cronbach's alpha was calculated as a measure of internal consistency reliability for the individual and aggregated scales.
The symmetry requirement is third, which states that scores from each measure should be transformable onto the other scale. Both the equipercentile and IRT-based methods utilized in this study conform to this requirement.
The equity requirement states that scoring should not vary depending on the test given. In this study, linking the ASR and BSI to the PROMIS metric creates three types of scores. The first type (three similar but unique scores per measure) was linked from the ASR or BSI raw sum score using equipercentile methods with none, less, or more smoothing. The second type of score (one score per measure) used the ASR and BSI item parameters to create crosswalk expected a posteriori (EAP) scores. The third type of score was the pattern-based EAP score from the PROMIS short form. The linked scores should highly correlate with and well-approximate the obtained PROMIS score. The difference between actual PROMIS scores and linked scores was also calculated and summarized, including the root mean square deviation (RMSD).
The population invariance requirement states that a linking relationship should be equally applicable to all subgroups. Traditionally this involves examining subgroup-specific linking relationships to an overall population-based link [27] . In this study, a novel approach was taken to evaluate population invariance. Items were evaluated for differential item functioning (DIF) across subgroups. If items exhibited DIF, subgroup-specific linking parameters may have been warranted. This approach had been suggested [8] , but previous analyses have generally avoided population invariance evaluations or have used subgroup-specific linking functions and calculated the standardized root expected mean square difference. The impact of potential violations to this requirement was then evaluated using the weighted area between the expected score curve (wABC) [39] . Values greater than 0.30 indicate that scoring likely would be affected for the subgroups. Meaningful subgroups considered herein include age (dichotomized above and below 25 years), HIV status (negative, positive, or unknown), and race (dichotomized Caucasian-only and non-Caucasian or biracial).
A primary threat to the population invariance requirement, however, relates to gender or sexual minority status. This sample does not allow direct generalization to the broader population. However, IRT-calibrated parameters should be invariant across samples, and we are assuming that invariance for the PROMIS items. Under that assumption, mean depression severity may differ in this sample, which would be captured by the estimated score distribution. The ASR and BSI item calibrations will be on the PROMIS general population metric as well. With reasonable caution, we suggest that the results of this study can be generalized under this strong assumption unless or until future research demonstrates a violation in the population invariance requirement due to gender or sexual minority status.
Results
All three scales were designed to measure the same construct: depression. However, examination of item content suggested that the one item on the BSI and two items on the ASR also measured self-harm, and several items on the ASR captured somatic manifestations of depression, consistent with the DSM-5 nosology but not included in the PROMIS item bank. The mean item scores correlated highly between PROMIS and the ASR (r = 0.82) and BSI (r = 0.89). This suggested that it was appropriate to proceed with a linking analysis.
Unrestricted and restricted item factor analysis also supported the same construct requirement. A unidimensional model fit the data relatively well (RMSEA = 0.06; TLI = 1.00; AIC = 85,385.47). Nonetheless, unrestricted multidimensional models were considered. Initial unrestricted models suggested a bifactor structure with specific factors due to local dependence among the three self-harm and five somatic symptom items. This minimally affected fit when submitted to a restricted item factor analysis (RMSEA = 0.06; TLI = 1.00; AIC = 83,927.03). I-ECV values across the items reflecting these specific factors ranged from 0.46 to 0.74.
The internal consistency of each scale individually and when aggregated with PROMIS was calculated to evaluate the equal reliability requirement (see Table 2 ). Examination of Cronbach's alpha and the minimum, mean, and maximum corrected item-total correlation demonstrated that PROMIS had a better internal consistency than the other scales, but all were well within an appropriate range, especially when aggregated.
Both the IRT and equipercentile linking methods meet the symmetry requirement for linking. Thus, the equity requirement is the primary means by which to choose between linking methods. To create the equipercentile linking relationships, the raw score distribution for the ASR and BSI was separately compared to the PROMIS T-score distribution. The summed scores were indexed from 0 and thus ranged from 0 to 28 on the ASR and from 0 to 24 on the BSI. The relationship was evaluated with none, less (0.3) and more (1.0) smoothing. For IRT-based linking, items from all three scales were aggregated and fit to a unidimensional model. Item parameters were estimated twice: fixed-anchor and Stocking-Lord LSC. In the former case, the estimated sample mean and SD on the PROMIS metric were 54.4 and 9.6, respectively. In the latter case, Stocking-Lord coefficients (multiplicative = 0.94, additive = 0.44) were calculated to place the items on the original PROMIS metric. Differences between the TCCs for fixed-anchor and LSC were less than 0.25 units across the T-score range. For this reason, the fixedanchor parameters were used (see Table 3 ) to create an IRTbased sum-score crosswalk table [40, 41] .
The equity requirement states that a score should not vary by the test given after linking. We extend this concept to state that the optimal linking method should be the one which best recovers the criterion: the obtained PROMIS Depression score. All available data within the sample were used to correlate scores and calculate mean differences. Table 4 presents full-sample correlations, mean differences (obtained minus linked score), standard deviations of differences, and the RMSD between linked and actual PROMIS Depression T-scores. The linked scores were broadly comparable regardless of linking method. However, the minimized RMSD suggested that the IRT-based links were marginally superior to the equipercentile methods. Across methods, the mean difference, which is a measure of linking bias, was less than one point on the Tscore metric. Given these results, the fixed-anchor IRTbased crosswalk (Table 5 ) was chosen as the optimal method to map ASR and BSI raw sum scores onto the PROMIS metric. Note that this MSM population had a different distribution than the general population, as described above. However, in order to maximize the applicability of the results from this study to other populations, the general population distribution was used when developing the sum-score conversions.
Overall, the linking relationship was better for the BSI than the ASR. The linked scores from the BSI have a smaller mean difference and offer greater precision. The EAP from sum-score linked scores have a marginal reliability of 0.82 and 0.80 for the BSI and ASR, respectively.
Finally, linking relationships should exhibit subpopulation invariance. To ensure this, DIF analyses were considered on each of the three scales. All parameters were The item parameters are on the theta-metric (mean 0, SD 1). EAP scores are calculated and then transformed to the T-score metric by multiplying by 10 and adding 50 for the score and by multiplying by 10 for the SD ASR Adult Self-Report, BSI Brief Symptom Inventory a Item numbers here do not correspond with item numbers on the originating scales 
Discussion
The PROMIS metric has been proposed as a common method for reporting depression scores [8, 10] . This study extends the common metric by linking the ASR and BSI to it. There are several strengths in this study. Common item linking to a calibrated item pool with a hybrid-NEAT design places new items on an existing metric in a robust manner without needing to administer all items to all participants [24] . The ability to crosswalk between scores on multiple measures allows researchers and clinicians to compare outcomes across studies and over time in ways that were not as accessible previously. The ASR and BSI met the statistical requirements to proceed with linking. They were broadly unidimensional, had similar reliabilities, and comparable content across measures. There were some differences, however, related to content measured by these scales that is not native to the PROMIS measures: self-harm and somatic symptoms. These locally dependent items, within and across legacy measures, were not severe enough to prevent linking the measures.
Linking proceeded using equipercentile and IRT-based methods. Both of these ensure a symmetric linking relationship. However, in order to pick the optimal method, we relied on the most equitable for score recovery. The mean difference (bias) between linked and actual scores was small across all methods, but the fixed-anchor IRT-based method had the smallest RMSD, suggesting its marginal superiority. IRT-based methods of assessing subpopulation invariance also were considered, to ensure that the linking was robust across subject subgroups.
Implications
These results have direct implications for ongoing research. They allow analysts to merge multiple longitudinal samples of MSM in order to examine depression symptoms in larger and more diverse samples. The RADAR study, for which these analyses were conducted, merges two origination samples (Project Q2 and Crew 450) together with a new sample into one larger longitudinal cohort of young MSM. Existing data used different depression questionnaires. Aggregating data collected at prior waves with prospective data collected benefits the current study. It will allow us to examine how depression symptoms change over a larger age range, to analyze cohort differences in longitudinal trajectories of depressive symptoms, and to conduct these analyses in a larger sample.
This unified metric has multiple novel research and clinical applications. Applications of linking health measures have not been well defined, but we see a role in several arenas, including longitudinal research, improved meta-analyses, and quality improvement efforts. Multiple national and international quality standards for depression exist. Converting to a unified metric would allow clinics, hospitals, and international collaborations utilizing various depression measures to ensure adequate quality and ongoing improvement in mental health care provision.
Reasonable cautions
Although the results from this study were robust, caution needs to be exercised for two reasons: first, the sample was not representative of either the USA general population or a clinical depression sample, and second, linked scores have the potential for increased imprecision. Hybrid and traditional NEAT designs allow for non-equivalent groups under the assumption that the anchor items are invariant in the current sample [24] . However, utilizing an exclusively MSM sample has the potential that the relationship violates population invariance in untestable ways (e.g., gender differences). Linking places the new item parameters on the same scale as the anchor items and thus provided the anchor items are invariant, the legacy measures should be equally applicable for the general population. This generalization is built on the strong assumption related to invariance of the anchor parameters and invariance of the linking relationship. This caution, while possible, risks reductio ad absurdum. Unless bias or DIF can be empirically demonstrated at a later date, linking scores can be extrapolated to other subgroups and the broader population with reasonable caution. It is more likely that depression is different in terms of average severity, as was evident in the distribution of scores in this sample, than in structural form. Extrapolating the linking relationship with caution is consistent with previous recommendations in unique-sample linking studies [8] .
Increased error is a second reasonable concern in a linking study. There is error associated with unreliability in the original instruments and bias and error in the linking relationship. Thus, switching between measures may affect reliability, especially on an individual basis. Reliability increases for tracking the mean score of a group over time or comparing the mean score across groups on different measures. While the RMSD was minimized for IRT-based linking, it remained rather wide for estimating individual scores. Transforming group-level scores should be recommended, as it further minimizes the error associated with linking.
Researchers and clinicians should be aware of these concerns; however, insofar as the ASR and BSI parameters were placed on the PROMIS metric, the use of individual linked scores is the best estimate of PROMIS Depression without using a PROMIS measure. Future studies should examine whether our assumption of subpopulation invariance in the anchor and linking relationship is supported. Unless non-invariance is empirically demonstrated, this linking relationship allows clinicians and researchers to rescore the ASR and BSI onto the common metric, shared by several other common depression questionnaires [10] .
